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ABSTRACT 

Examination  of  the  Holland -Mills  Northern  Hemisphere  500-mb 
weather -type  calendar  is  made  to  determine  the  climatology  of  North 
American  upper-air  weather-type  persistence. 

It  is  shown  that  a  change  of  weather  type  within  a  given  sector 
by  itself  is  not  sufficient  evidence  to  indicate  a  change  of  weather  type 
upstream  or  downstream. 

An  objective  technique  to  forecast  the  non-persistence  of  North 
American  upper-air  weather  types  (but  not  the  expected  type  to  follow) 
is  presented. 

The  author  is  deeply  indebted  to  Professor  W.  D.  Duthie ,  Chairman, 
Department  of  Meteorology  and  Oceanography,  U.S.  Naval  Postgraduate 
School,  for  his  patience,  support,  and  assistance  in  the  preparation  of 
this  thesis. 
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1 .         Introduction 


Weather  typing  is  essentially  the  first  step  in  making  an  extended 
weather  forecast.    In  order  to  type  or  classify  weather  patterns  temporally 
and  spacially  it  is  necessary  to  consider  carefully  the  broadscale  weather 
patterns  of  the  general  circulation. 

The  method  of  classification  varies  with  the  investigation.    Baur      1 
used  the  "grosswetterlage"  to  denote  the  mean  sea-level  pressure  dis- 
tribution for  a  time  interval  during  which  the  position  of  the  stationary 
cyclones  and  anti-cyclones ,  and  the  steering  within  a  given  circulation 
remain  essentially  unchanged.    Sir  Gilbert  Walker      2     defines  gross- 
wetterlage as  a  condition  of  the  atmosphere  which  controls  the  weather 
for  several  days ,  remaining  sensibly  constant  in  spite  of  the  changes 
in  the  latter  from  day  to  day.    Elliot      3     examines  the  daily  weather 
charts  over  extended  areas  giving  particular  attention  to  the  broadscale 
features  of  the  circulation  and  finds  certain  persistent  regularities,  one 
of  which  is  the  apparent  preference  for  a  three-day  interval  between 
successive  cyclone  families  on  the  surface  maps.    Holland  and  Mills      4 
examined  the  circulation  of  the  500-mb  level  and  observed  recurrent 
patterns  that  had  unique  surface  weather  patterns  associated  with  them. 
Selfridge  et  al     5     use  large-scale  features  of  the  instantaneous  500-mb 
flow  within  a  specified  sector  to  define  unique  patterns  at  the  same  time 
within  the  same  sector  of  the  hemisphere. 

Any  method  of  typing  involves  some  scheme  to  divide  the  hemis- 
phere into  zones  or  sectors.    The  boundaries  of  these  areas  are  fixed  in 


some  cases  and  overlapping  in  others 

The  Holland  and  Mills  system  divides  the  Northern  Hemisphere 
into  four  sectors  90  degrees  of  longitude  in  width  and  uses  the  natural 
distribution  of  two  land  masses  and  two  oceanic  areas  to  establish  a 
frame  of  reference.    This  scheme  places  sectors  over  North  America 
(135W  to  45W) ,  the  North  Atlantic  (45W  to  45E) ,  the  Asian  land  mass 
(45E  to  135E) ,  and  the  North  Pacific  (135E  to  135W) .    Although  the 
boundaries  are  fixed,  the  circulation  within  a  sector  is  often  charac- 
terized by  the  circulation  upstream  and  near  the  boundary  downstream. 
For  example, meridional  flow  might  be  characterized  by  a  strong  ridge  20 
degrees  upstream.    Their  method  of  typing  attempts  to  classify  the 
upper-air  circulation  by  describing  the  mean  flow  and  the  location  of 
ridges  and  troughs  at  the  500-mb  level,  and  to  correlate  them  with  unique 
surface  weather  patterns.    This  classification  falls  into  the  three  general 
categories  of  zonal,  ridging,  and  blocking.    These  general  categories 
are  then  further  subdivided.      The  zonal  flow  is  subclassified  on  the 
basis  of  southward  latitudinal  displacement  of  the  axis  of  maximum  wind 
and  blocking  sub-categories  on  the  basis  of  the  eastward  displacement 
of  the  principal  ridge  from  the  western  edge  of  the  zone.    The  circulation 
is  descirbed  within  the  mid-latitudes  from  30N  to  60N,  although  the 
positions  of  high  and  low  centers  may  lie  outside  of  these  limits . 

This  study  is  an  examination  of  the  Holland-Mills  calendar  of 
weather  types  to  determine  whether  (l)  there  was  any  statistical  relation- 
ship between  the  types  in  one  sector  and  those  of  another,  and  (2)  there 


was  any    preferred  transition  of  types  within  the  North  American  sector. 
Some  consideration  must  be  taken  when  the  statistics  are  analyzed  for 
the  facts  that.  (1)  the  weather  types  are  subjectively  described;  (2)  the 
circulation  outside  of  a  sector  is  sometimes  used  to  describe  a  weather 
type  within  a  given  sector. 


2  .         Climato logical  Analysis 

The  method  of  procedure  was  to  examine  the  weather-type  calendar 
of  Holland  and  Mills  \^AJ   for  the  spring,  fall  and  winter  months  of  the 
years  of  1948,   1949,   1950,  and  1952-1957  derived  from  the  24-hour 
historical  sequence  500-mb  and  surface  maps  prepared  by  the  U.S. 
Weather  Bureau  to  establish 

a)  the  climatology , 

b)  the  forecast  systems, 

and       c)  the  evaluation  of  the  results . 

It  was  suggested  by  Holland  and  Mills  that  there  was  some 
similarity  between  the  two  maritime  sectors  and  similarly  between  the 
two  continental  sectors .    Due  to  a  scarcity  of  data  in  the  continental 
Asiatic  zone,  the  analysis  seemed  to  be  somewhat  arbitrary,  and  it  was 
decided  that  as  a  result  little  would  be  accomplished  by  comparing  types 
in  this  sector  with  types  over  North  America 

An  examination  of  simultaneous  daily  data  for  the  two  maritime 
sectors  indicated  the  general  type-classification  relationships  as  shown 
below: 


Table  1. 
Simultaneous  data  for  the  Pacific  and  Atlantic  Sectors  (existing  types) 
Sector  I 


Blocks  610 
Ridging  517 
Zonal         440 


Sector  III 

Existing  Types 

Blocks 

Ridging 

Zonal 

246 

186 

178 

205 

162 

150 

170 

112 

158 

1567  621  460  486 

Table  1  indicates  some  dissimilarity  in  the  weather  regimes  of  the 
two  maritime  sectors.     For  example,  during  a  period  of  610  days  of 
blocking  weather  types  in  the  Pacific,  there  were  246  days  of  blocking, 
186  days  of  ridging,  and  178  days  of  zonal  weather  types  in  the  Atlantic 
Sector. 

The  next  step  was  to  consider  the  relationship  between  types  in 
the  Pacific  and  the  next  succeeding  types  in  the  Atlantic  Sector.  The 
results  are  shown  below  in  table  2. 


Table  2 

Simultaneous  data  for  the  Pacific  and  Atlantic  Sectors  (next  succeeding  type) 

Sector  I  Sector  III 

Next  succeeding  type 

Blocks  Ridging  Zonal 

Blocks  605  209  229  167 

Ridging  519  189  192  138 

Zonal  443  1_7_4  J_32  J_37 

1567  572  553  442 

Table  2  shows  the  nature  of  the  transition  of  weather  types  in  the 
Atlantic  for  a  given  initial  weather  type  in  the  Pacific.     For  example, 
443  zonal-type  days  in  the  Pacific  were  followed  by  Atlantic  blocks  on 
174  days,  by  ridging  types  on  132  days,  and  by  zonal  types  on  137  days. 
Tables  3  and  4  express  results  similar  to  those  of  tables  1  and  2,  res- 
pectively, except  for  the  division  of  the  results  into  sub-types. 

Seasonal  comparisons  were  made  but  showed  little  relationship 
between  the  two  maritime  zones. 

An  examination  of  weather  types  in  the  North  American  sector  was 
initiated  to  determine  if  any  significant  relationship  existed  between 
events  upstream  and  downstream.    One  thing  became  readily  apparent 
from  the  data  listed  in  table  5.    Changes  over  the  North  American 
Sector  II  have  little  effect  on  the  type  present  in  Sectors  I  and  II  on 
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either  the  day  of  the  change  or  the  following  day. 

Table  5 
North  American  type  change  and  relation  to  events  in  the  two  maritime  sectors 
Change  in  type  Same  type  on  the  day  of  change  and  following  day 

Sector  II 

Zl 
Z2 

Z3 
Rl 
R2 
R3 
R4 
R5 
Bl 
B2 
B3 

As  an  example ,  consider  weather  type  Bl  in  Sector  II  (table  5) . 
This  type  changed  53  times  in  the  Holland-Mills  calendar.    However, 
in  the  Pacific  and  Atlantic  sectors,  there  was  no  change  of  type  on  45 
and  40  days  respectively,  either  taken  simultaneously  or  lagged  one  day. 
In  general,  table  5  indicates  type  changes  in  the  North  American  sector 
have  very  little  influence  on  producing  type  changes  in  Sectors  I  and  III . 


Sector  I 

Sector  III 

Number  of 

Number  of 

Cases 

Cases 

28/32 

23/32 

26/30 

24/30 

46/67 

42/67 

23/26 

18/26 

27/29 

22/29 

7/7 

5/7 

20/21 

17/21 

48/58 

42/58 

45/5  3 

40/53 

7/10 

7/10 

39/50 

35/50 

On  the  other  hand ,  the  occurrence  of  a  type  change  in  either 

Sector  I  or  III  may  be  a  precursor  to  a  type  change  in  the  North  American 

sector.    The  Holland-Mills  calendar  was  examined  from  this  point  of 

view,  and  it  was  found  that  a  type  change  in  the  Atlantic  sector  frequently 

indicates,  within  a  24-hour  lag,  a  type  change  over  North  America.    Table 

6  summarizes  the  number  of  type  changes  which  occur  in  the  North  American 

sector  following  a  type  change  in  Sector  III.    For  example,  the  initial  type 

Zl  has  as  its  indicated  frequency  the  ratio  22/34.    This  means  that  of  the 

34  type  changes  which  occurred,  22  were  associated  with  observed  changes 

in  Sector  III .    No  such  consistent  predictors  were  obtainable  for  the  Pacific 

sector. 

Table  6 

Frequency  of  type  changes  in  Sector  II  following  a  type  change  in  Sector  III. 

Sector  II 

Initial  types  Frequency  of  type  changes  in  Sector  II 

Zl  22/34 

Z2  21/31 

Z3  41/65 

Rl  12/28 

R2  17/30 

R3  5/7 

R4  11/21 

R5  33/59 

Bl  31/52 

B2  7/10 

B3  26/51 

10 


Table  7  shows  that  in  the  mean  a  sub-type  change  in  the  North 

American  sector  will  occur  approximately  once  every  four  days.    The 

standard  deviation  of  the  type-duration  is  2.2  days.    The  modal  values 

are  in  general  somewhat  less  than  the  means. 

Table  7 

Climatology  of  types  in  the  North  American  Sector  II 

Type  Zl       Z2       Z3       Rl       R2       R3       R4       R5       Bl       B2       B3       Total 

Number  of      34       31       65       28       30         7       21       59       52       10       51         388 
occurrences 

Duration      144     127     264     101     104       46       85     239     197       52     193      1552 
(Days) 

Mean  4.2     4    1     4.1     3.6     3.5     6.6     3.8     4.1     3.8     5.2     3.8         4.0 

(Days) 

Modal  3     2-5     3-4         2     2-3  3         2     2-3  3         3.0 

Values 

(Days) 

Standard      2.0     2.0     1.9     2.7     2.0     3.3     2.0     2.0     2.1     3.2     1.3         2.2 

Deviation 

(Days) 

Elliot     [6  j    states  that  a  body  of  synoptic  evidence  points  up  the 
dependence  of  North  American  weather  developments  on  events  occurring 
elsewhere  in  the  Northern  Hemisphere.    Hull   [7  7  indicates  that  in  the 
case  of  blocking  formations  ,  certain  sequential  correlations  both  upwind 
and  downwind  as  much  as  six  days  before  formation  serve  as  block  predictors 

As  is  shown  in  table  5 ,  knowledge  of  a  weather  type  or  a  change  of 
weather  type  over  the  North  American  sector  is  not  sufficient  by  itself  to 
forecast  a  change  in  the  upstream  or  downstream  sectors.    This  observa- 
tion is  further  borne  out  by  Tsuji    [_8J  whose  work  indicates  that  changes 

of  weather  types  over  the  great  continental  zone  of  Asia  do  not 

11 


necessarily  lead  to  unique  changes  in  the  weather  regime  over  the 
Pacific. 
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3.         Forecasting  non-persistence  of  weather  types 

It  was  decided  to  examine  the  wind  field  outside  of  the  boundaries 
of  the  North  American  sector  to  determine  if  the  circulation  upwind  and 
downwind  have  any  effect  on  changes  of  weather  types  over  North  America 

In  order  to  derive  a  simple  objective  forecast  system  for  non- 
persistence  of  weather  types,  it  was  necessary  to  select  two  forecast 
parameters.    One  of  these  is  essentially  a  measure  of  the  intensity  of 
zonal  flow,  and  the  other  of  the  difference  in  zonal  flow  across  the 
displaced  boundaries.    The  displaced  boundaries  were  established 
at  150W  and  30W  and  the  500-mb  height  gradients  between  45N  and 
55N  were  measured  at  these  meridians.    The  convention  employed  was 
to  subtract  the  contour  height  at  55N  from  that  at  45N.     For  the  difference- 
of-flow  parameter    the  meridional  height  gradient  at  150W  was  subtracted 
from  that  at  30W. 

The  meridional  height  gradient  at  30W  was  plotted  against  the 
difference  in  height  gradients  between  30W  and  150W  (see  figure  1) 
using  the  data  of  January  through  April  1947.    These  parameters  were 
related  graphically  to  the  observed  changes  or  persistence  of  North 
American  types.    These  observations  were  plotted  using  crosses  for 
type  change  and  dots  for  type  persistence;  with  the  results  shown  in 
figure  1 .    A  probability  surface  was  fitted  and  an  area  was  delineated 
to  include  at  least  50%  of  all  of  the  type-change  cases. 

The  use  of  the  areas  delineated  in  figure  1  provides  a  simple 
forecast  procedure  for  type  change  or  persistence,  which  gave  80 
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correct  cases  out  of  a  total  possible  of  118.    The  skill  score  is  shown 

below. 

Forecast 
Change        No  Change 

Observed       Change 31 13 44 

No  Change 25 49 7_4_ 

56  62  118 


SS  =  80    -    59.6 


Chance  118    -    59.6 


0.35 


SS  =  80    -    60.5     =    0    34 

Climatology         118    -    60,5 


The  expectancy  of  climatology  used  in  the  skill  score  is  based 
on  a  mean  frequency  of  change  once  every  four  days  over  a  period  of 
eight  years.    Since  56  forecasts  of  change  and  62  of  no  change  were 
made,  the  climatological  expectancy  of  both  occurrences  is: 
56  X  0.25  +  62  X  0.75    =  60.5 

The  method  of  forecasting  derived  from  figure  1  was  tested  on 
independent  data  using  the  months  of  January  through  April  195  3.    This 
method  verified  correctly  89  days  out  of  a  total  of  118  forecasts.    The 
scatter  diagram  for  these  cases  is  shown  in  figure  2  ,  together  with  the 
areas  repeated  from  figure  1.    The  skill  score  for  118  cases  of  the 
independent  test  sample  is  given  below: 
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Skill  Score 


Observed  Change 


Forecast 
Change  No  Change 

20  8  28 


No  Change  21 


41 


69 


77 


90 


118 


SS    = 

89    - 

-    68 . 4 

Chance 

118    - 

-    68.4 

SS    = 

89    - 

-    68 

Climatology 

118    - 

-    68 

=    0.42 


=    0.42 


It  would  seem  that  the  independent  test  data  is  a  more  representative 
sample  in  that  changes  occur  more  in  line  with  the  climatological  frequency 
over  a  period  of  eight  years . 

Several  other  meteorological  parameters  were  examined:  a)  the 
difference  in  the  500-mb  height  at  55N  between  longitudes  150W  and 
30W  and  between  SOW  and  30W;  b)  the  difference  in  500~mb  meridional 
height  gradient  at  30W  and  90W;  c)  the  24  hour  time  difference  in  the 
500-mb  height  gradient  change  between  150W  and  30W.  These  para- 
meters when  tested  on  the  basis  of  skill,  showed  little  significance  for 
use  as  forecast  parameters. 
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4  .         Conclusions  and  Recommendations 

It  was  the  express  purpose  of  this  study  to  consider  the  large- 
scale  features  of  the  general  circulation  to  determine  any  relationship 
that  might  exist  in  one  sector  to  the  changes  of  weather  types  in  another 
sector.    The  climatology  presented  in  table  5  indicates  that  with  a  change 
of  weather  type  in  the  North  American  sector,  one  may  usually  expect  no 
change  to  take  place  in  the  two  maritime  sectors  on  the  day  of  or  the  day 
following  the  change.    There  is  good  indication  that  changes  downstream 
often  precede  or  occur  at  the  same  time  that  a  change  of  weather  type 
takes  place  over  North  America. 

An  attempt  to  establish  an  objective  technique  to  forecast  the  non- 
persistence  of  North  American  weather  types  has  been  presented.    No 
satisfactory  technique  of  determining  the  types  which  follow  was  dis- 
covered.   While  the  results  do  not  provide  a  satisfactory  method  of 
forecasting  the  next  specific  weather  type,  the  technique  does  provide 
a  first  approximation  of  the  end  of  a  North  American  weather  type.    It  is 
to  be  emphasized  that  this  technique  is  no  substitute  for  subjective  fore- 
cast methods  based  on  individual  experience  that  might  be  used  in 
forecasting  changes  in  a  prevailing  weather  regime.    The  parameters 
employed  here  certainly  are  not  true  measures  of  zonal  flow  over  the 
area.    They  do  not  take  into  account  the  innumerable  variations  of 
circulation  patterns  that  may  exist  within  the  boundaries  established, 
nor  do  they  adequately  describe  the  zonal  flow  at  the  boundaries  them- 
selves.   About  all  that  can  be  said  is  that  is  is  hoped  that  these  results 
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will  be  useful  as  a  first  approximation  to  the  forecast  of  type  change, 
and  if  used  otherwise,  that  due  consideration  be  given  to  the  inherent 
limitations  . 

Perhaps  the  greatest  drawback  in  weather  typing  is  the  necessity 
of  creating  arbitrary  boundary  conditions  to  delineate  areas  where  the 
weather  is  to  be  classified  and  typed      In  classifying  the  instantaneous 
flow  over  North  America,,  one  gets  the  impression  of  dealing  with  a    per- 
turbation in  the  predominately  maritime  flow  that  extends  from  the  coast 
of  Asia  to  the  Ural  Mountains .    A  glance  at  the  globe  is  perhaps  needed 
to  reach  this  realization,  but  it  is  sufficient  to  say,  that  the  continental 
land  mass  of  North  America  between  60N  and  30N  occupies  only  a  small 
fraction  of  the  area  between  135E  and  60E.    There  can  be  little  question 
that  the  European  Peninsula  with  no  large  north-south  orographic  barriers 
west  of  the  Urals ,  and  with  arms  of  the  sea  extending  into  the  Baltic  and 
the  Mediterranean ,  is  predominately  under  a  maritime  weather  regime . 

It  is  suggested  that  it  might  prove  fruitful  to  set  up  two  great, 
zones  in  the  Northern  Hemisphere,  and  classify  the  weather  in  a  maritime 
zone  from  the  coast  of  Asia  eastward  to  the  Urals  ,  and  in  a  continental 
zone  from  the  Urals  eastward  to  the  Asian  coast. 

The  classic  idea  of  typing  the  weather  as  zonal,  ridging,  or 
blocking  would  be  difficult  over  a  large  area  such  as  the  maritime  zone . 
One  still  might  be  able  to  do  this  in  the  Atlantic  and  Pacific  areas  ,  but 
superimposed  on  this  flow  would  be  the  North  American  perturbation, 
and  to  a  lesser  extent  the  European  perturbation,  which  periodically 
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comes  under  conditions  of  strong  penetration  of  flow  from  the  great 
continental  zone.    These  perturbations  however  are  more  or  less  ade- 
quately classified  at  present,  and  if  considered  as  part  of  the  basic 
maritime  flow,  the  perturbation  fluctuations  might  give  clues  to  the 
changes  in  the  basic  maritime  circulation. 
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